Gated radionuclide cardiac blood pool scans (GCS) of end-systole and end-diastole or eight images subtending the entire cardiac cycle were performed on seven patients with left atrial myxomas documented by pulmonary cineangiography with left atrial follow-through. The echocardiogram was either suggestive or diagnostic in all patients. In addition to demonstration of the tumor (6 patients), the GCS detected three patterns of tumor motion: 1) a
THE DIAGNOSIS OF LEFT ATRIAL MYXOMA has been greatly facilitated in recent years by echocardiography.1' 2 However, it is occasionally difficult or impossible to obtain an adequate echocardiogram and the echocardiogram may not always be diagnostic of left atrial tumor. The gated cardiac blood pool scan is technically possible in virtually any patient and provides an image of all the cardiac chambers. This method has been used in the detection of left atrial myxoma in isolated cases3' 4but its general application in the clinical evaluation of subjects with possible left atrial myxomas has not been defined. The following study was undertaken to demonstrate the utility of the gated cardiac blood pool scan in the diagnosis of left atrial myxoma.
Methods
Seven patients with left atrial tumors demonstrated by echocardiography and/or cineangiocardiography underwent gated cardiac blood pool scanning.
Twenty ,uCi of electrolytically bound technetium-99m human serum albumin (99m TcHSA) were injected intravenously. After 2 min for equilibration of the tracer within the blood pool, an Anger camera* equipped with a Low Energy All Purpose (LEAP) parallel hole collimator was positioned over the supine patient's precordium. Three views were obtained: a 30°right anterior oblique, an anterior, and a 500 left anterior oblique. A physiological synchronizert was used to gate image collection with the electrocardiogram. End-diastolic images were collected for 80 msec beginning with the onset of the electrocardiographic QRS complex and systolic images were collected for 80 msec beginning at the peak of the T wave ( fig. 1 ). In four patients, the cardiac cycle (R-R interval) was divided into eight equal intervals to produce sequential images in one or more projections ( fig. 2 ). Images were stored in the core of a PDP-9t computer system, processed to obtain edge *Searle Radiographics. tBrattle Instruments. tDigital Equipment Corp. defect which moved from the left atrium in end systole to the left ventricle in end diastole (2 patients); 2) a defect which remained within the region of the left atrium but decreased in size between end diastole and end systole (3); and 3) a defect which was observed within the region of the left ventricle in end diastole but disappeared in end systole (1) . Thus, the GCS is a noninvasive method for detection and evaluation of motion of left atrial myxomas. enhancement, and displayed on a high resolution oscilloscope.56 Systolic and diastolic images or eight gated images were displayed sequentially to produce a timemotion display, and were reviewed by three observers.
Echocardiograms were performed using either a SKIecholine 20A echograph with a Honeywell 1856 stripchart recorder or a Unirad echograph with a Honeywell 1858 stripchart recorder. Echocardiograms were independently reviewed by four observers and classified as either diagnostic or suggestive. Cineangiocardiograms were performed with injection through a multiple side-hole NIH catheter of meglumine detriazoate* into the pulmonary artery with follow-through to the left atrium and ventricle. If three or four observers interpreted the echocardiogram as typical of left atrial myxoma, the study was called diagnostic, whereas if fewer than three of the observers interpreted the echocardiogram as typical, the study was termed suggestive.
Results
Clinical data for each of the seven patients with left atrial myxomas is summarized in table 1. In all patients in this series both echocardiogram and gated radionuclide blood pool scan were technically adequate. In five of the seven subjects, the echocardiographic examination was considered diagnostic. In two subjects the echocardiogram suggested left atrial myxoma but was not considered diagnostic. Angiocardiography demonstrated the tumor in each of the seven patients.
An abnormal region of diminished activity was identified within the cardiac blood pool in six of seven patients with left atrial myxoma. In all six patients in whom the myxoma could be identified, it was demonstrated in the 300 right anterior oblique projection. In four of the six patients, the myxoma was also identified in the left anterior oblique and in the anterior projections.
Three patterns of tumor motion were recognized on the gated blood pool scan.
1) A filling defect within the region of the left atrium in end systole and in the region of the left ventricle in end diastole was observed in two subjects. The cineangiogram demonstrated a mobile tumor which prolapsed entirely into *Renografin 76, Squibb & Co. the left ventricle in end diastole and a mobile tumor on a long stalk was verified at surgery. In both the echocardiogram was diagnostic.
2) A filling defect which remained within the region of the left atrium but decreased in size in end diastole was observed in three patients ( fig. 3 ). Cineangiography demonstrated that only a small portion of these tumors prolapsed into the left ventricle in end diastole. The explanation for the decrease in diastolic size of the atrial filling defect on the blood pool scan remains speculative. It is possible that the small portion of the tumor which prolapses into the left ventricle separating from the bulk of the tumor in the left atrium becomes obscured by the left ventricular blood pool and is not resolved by this radionuclide technique. One of these patients had a suggestive echocardiogram while the other two had diagnostic ultrasound studies.
3) In one patient the tumor defect was observed only within the left ventricle in the end-diastolic right anterior oblique image ( fig. 4 ). Substantial enlargement of the right atrium and ventricle was observed on the left anterior oblique gated scan image. These right sided chambers overlay and thus obscured the left atrial blood pool. On the cineangiogram this tumor appeared to be dumb-bell shaped and to prolapse into the left ventricle in end diastole. The echocardiogram was not diagnostic in this patient.
In one patient the myxoma could not be identified on gated scan. The right sided blood pool was the largest in this series and may have contributed to the difficulty in defining this tumor. The pulmonary cineangiogram in this patient demonstrated a remarkably lobulated tumor with multiple crevices.
In four patients eight sequential gated images subtending the entire cardiac cycle were obtained for dynamic motion display. An example of this technique is illustrated in figure  2 . These images were directly compared with their corresponding cineangiographic frames. The tumor is well defined ( fig. 2 , E-H) and is located within the left atrium. As diastole progresses the tumor appears to move toward the left ventricle (H in fig. 2 ). At the onset of systole (A in fig. 2 ), the defect seems to disappear as it moves rapidly back into the left atrium. Since each gate was 80 msec, such rapid motion produces blurring. During systole ( fig. 2 , B-D) the tumor is less readily identified and may be obscured by the larger left atrial blood pool during this phase of the cardiac cycle. Finally, with the onset of ventricular diastole, the tumor once again is easily identified.
All patients underwent surgical removal of the left atrial myxomas. One patient, E.W., a 72-year-old woman with long-standing symptoms of left heart failure and marked pulmonary hypertension preoperatively, died suddenly two weeks after surgery. Postoperative gated scans in the six surviving patients demonstrated loss of the filling defect and normal left ventricular function. Echocardiograms demonstrated normal mitral valve motion. Discussion Although the echocardiogram allows sensitive detection of left atrial myxoma,' 2 the specificity of this technique remains undefined. Standard M mode echocardiography does not precisely define the size, location, or mobility of the tumor. Furthermore, this ultrasound technique is oc-CAMERA casionally quite difficult or impossible to perform due to large chest size, emphysema, or other factors.7 Two of seven echocardiograms in the present study were questionable with respect to the diagnosis of left atrial myxoma while the remaining five were diagnostic. The gated radionuclide cardiac blood pool scan provides a means of demonstrating left atrial myxoma and assessing its position, excursion, and size. Although this radionuclide approach does not suffer from the technical difficulties encountered with the echocardiogram, it may be less sensitive due to its lower resolution. Nevertheless, the technique provides an additional means of noninvasive diagnosis of left atrial myxomas which is especially useful in the face of suggestive, nondiagnostic, or technically unsatisfactory echocardiographic studies. In the present series the two patients in whom the echocardiogram was not diagnostic had filling defects on gated scan, while the one patient with a negative gated scan had a diagnostic echocardiogram.
The patient in whom the gated blood pool scan failed to demonstrate the myxoma was shown by cineangiography and surgery to have a large tumor composed of multiple small lobules. It is probable that each lobule was too small for resolution by this radionuclide technique, a formation contributing to the inability in obtaining an image of the entire tumor. In addition, the markedly dilated right ventricle SYNCHRONIZER -F-TC HSA A JVIL D/ASTOLE t~~~~~~~~~~~~~~Y TOZYSFOL-FIGURE 1. Gated radionuclide scans were obtained after intravenous injection of 20 mCi of technetium-99m bound to human serum albumin (99m TcHSA). The Anger Camera was positioned over the precordium and an electrocardiographic synchronizer was used to allow collection ofcounts during diastole (during the QRS complex) and end-systole (during the latter half of the T wave). Images in end-diastole and end-systole are illustrated with the portion of the electrocardiogram used to obtain these images (shown to the left ofeach image) indicated by a dash. A well-defined left atrial filling defect can be seen in both end systole and end diastole. may have further obscured the tumor. In another patient, however, the tumor was identified despite a markedly enlarged right ventricle.
Computer handling of gated cardiac blood pool scan data SYSTOLE DIASTOLE creased right sided chamber volumes. An increase in blood pool activity overlying the myxoma would tend to diminish contrast and obscure the filling defect within an underlying chamber. The eight gated scan viewed sequentially may also improve tumor detection. Figure 2 illustrates an eight gated study. Note that the filling defect is not well defined throtighout systole (A-D in fig. 2 ), while in diastole (E-H in fig. 2 ) is easily defined. If collection of counts had been confined to end diastole and end systole, the gated scan might not have been diagnostic. The eight gated scan is also useful in defining tumor motion.
In conclusion, the gated blood pool scan provides a noninvasive technique for detection of left atrial myxomas. In addition, this technique is capable of displaying the size and motion of these tumors. When both echocardiogram and gated blood pool scan are positive, we would consider this information sufficient to proceed directly to surgery without angiographic study. The gated scan would be particularly useful in evaluating patients in whom an adequate echocardiogram is not obtainable. FIGURE 4. Unprocessed and computer processed diastolic, right anterior oblique gated radionuclide cardiac images in a patient (R.A.) with a large left atrial myxoma. A blood pool defect (see arrow) is clearly defined in the region ofthe left ventricle in the computer processed image on the right. This defect is poorly defined in the unprocessed image on the left. 91 VOL 55, No 1, JANUARY 1977 
